The frequency scaling power law of fractional order appears universal in physical behaviors of soft matter (1-5) and is considered "anomalous" compared with those of the ideal solids and fluids. For instance, Jonscher (4) concluded that a fractional frequency power law was "the universal dielectric response" in soft matter. It is also well-known (5, 6) that acoustic wave propagation through soft matters (Fig. 1, reproduced 
fractional quantum underlies fractal mesostructures and many-body interactions of macromolecules in soft matter and is experimentally testable.
The frequency scaling power law of fractional order appears universal in physical behaviors of soft matter (1) (2) (3) (4) (5) and is considered "anomalous" compared with those of the ideal solids and fluids. For instance, Jonscher (4) concluded that a fractional frequency power law was "the universal dielectric response" in soft matter. It is also well-known (5, 6 ) that acoustic wave propagation through soft matters ( 
where s is the physical quantity of interest, γ the corresponding physical coefficient,
represents the symmetric non-local positive definite fractional Laplacian, and η<1
leads to the non-local time derivative of fractional order (7, 9) . Note that η and µ are in general real numbers, and "fractional" in this letter is traditional misnomer in academic nomenclature. For the ideal solids and fluids (e.g., water, crystals), η=1 and µ=2; while for soft matter such as polymers, colloids, emulsions, foams, living organisms, rock layers, sediments, plastics, glass, rubber, oil, soil, DNA, etc, µ ranges from 0 to 2 and η is from 0 to 1. It is worth pointing out that equation (1) concerns with a phenomenological time-space representation but does not necessarily reflect physical mechanisms behind the scenes (7, 8) . By using the separation of variables, namely, ( )
where λ are eigenvalues of the fractional Laplacian and are also the minima of the potential energy. Applying the Fourier transform to equation (2) and
, where k denotes the wavenumber (9). Now we find the discrete potential energy spectrum of fractional order µ (µ≠2) from phenomenological master equation (1) . This implies that unlike ideal solids, soft matter has the fractional energy band.
On the other hand, the fractional Schrodinger equations have recently been proposed through a replacement of time/space derivative terms in the standard Schrodinger equation
by the corresponding fractional derivatives (10) (11) (12) (13) (14) ( ) Statistically, anomalous diffusion equation (1) and fractional Schrodinger equation (3) are characterized by Lévy statistics (long fat tailed distribution, η=1, µ<2) and the fractional Brownian motion (long-range correlation, η<1, µ=2) (15, 16) . µ is also the 3 stability index of Lévy distribution, while η is the index of memory strength involving correlation function of physical process (dependence on the past history of motion, non-Markovian process), and the smaller it is, the stronger memory (17). And we can also obtain the fractional Langevin kinetic description of power law noise and the fractional Fokker-Planck equation of the corresponding probability density function (PDF) (16, 18) .
In recent decade both "anomalous" statistic paradigms have been recognized mathematical foundation of the classical (18, 19) and quantum (14, 19, 20) 
where D µ is the scaled constant with the physical dimension erg 1-µ ×m µ ×sec -µ and p denotes momentum (13, 14) . In terms of the standard quantum momentum relationship , we In the fractional Schrodinger equation (3), the fractional Laplacian corresponds to the Lévy process (13, 14) , while the fractional time derivative representation accounts for the fractional Brownian motion (11, 12) . Through a quantum plane wave analysis, we find the physical underpinning of the latter is a fractional Planck quantum energy relationship
where ν denotes the frequency. The quantum relationship (6) suggests that quantum process in soft matter only involves the fractional Brownian motion with respect to energy and also implies quantum particles of fractional order. For instance, acoustic wave propagation is actually vibration of the molecules of media, and the quantized energy of this vibration (quantum oscillator) is called phonons. In terms of , acoustic energy is (21), respectively related to superdiffusion (η=1, µ<2) and subdiffusion (η<1, µ=2) ( 18, 19) . Both "anomalous" statistics have in recent years been observed in a wide variety of quantum systems (e.g., quantum excitation, tunneling, laser cooling (25)) and experiments (20, 26 , 27) , involving amorphous semiconductor, polymer, porous media, quasicrystals, and fractal lattices, see, for example, Ref. 11 and references therein.
In summary, this study explored the links between fractional power law scaling, anomalous diffusion, fractional kinetics, Lévy statistics, fractional Brownian motion, fractal topology, fractional derivatives, and fractional quantum in soft matter and incorporated the previous results in scattered reports under a consistent theoretical framework. The original contributions of this work are the new mesoscopic fractional quantum relationships (5) and (6) , which can derive dissipative fractional Schrodinger equation (3) . This study also made the first attempt to connect fractional Schrodinger equations and soft matter physics through statistic arguments and the common signature of macromechanics and mesoscopic quantum. Although the connection is presented in somewhat heuristic way and need further be solidified in the future research, the fractional quantum of soft matter is physically sound and mathematically consistent and underlies mesostructures and many-body long-range interactions of macromolecules such as entanglements, branching and cross-linking, essentially responsible for universal power law scaling. The fractional energy band structures and quantum relationships can be tested in experiments through measurements of excitation, vibration, and absorption spectra of such soft matters as polymers, oil, human 7 tissues, DNA macromolecules, or emulsions, in which parameters η and µ can be determined.
The classical physics is mostly linear in its principle which describes and explains successfully behaviors of microscopic atomic lattices and free particles, while the fractional physics has the nonlinear physics principle caused by fractal mesostructures. For instance, the fractional Laplacian modeling underlies the concept of the fractional Riesz potential stemming from topological complexity (6, 9) . It is stressed that the non-linearization of physics equations of integer-order derivatives alone can not accurately describe fractional power law scaling and various "anomalous" quantum phenomena (versus fractionalization).
In literature Lévy statistics and fractional Brownian motion arise mostly in physics at a descriptive level. In contrast, either statistics is now a direct consequence of the basic fractional quantum relationships, which essentially represent history-dependent and non-local fractal topological properties (e.g., non-isolated quantum systems in Ref. 22) of collective behaviors. As of the future quantum physics, Sir Atiyah (28) once pointed out "Perhaps we need to know the past in order to predict the future, perhaps the universe has memory, perhaps laws of physics are governed by integro-differential equations involving integration over the past", of which my interpretation is fractional time derivative equations underlying long-range correlation inherent in the fractional Brownian motion. In particular, he (28) stresses the role of topology in quantum theory, whose implication in this work is the influence of fractal mesostructures on quantum mechanics. Westerlund (29) describes an abundance of natural phenomena, from weather prediction to finance to geophysics, to just name a few, in which the past can not simply be truncated in the prediction of the future. This research also shows that the fractional derivative models can lead us to the deep portions of the physical mechanism. As Baglegy and Torvik (30) put it, the fractional calculus equation representations "should be viewed as something more than an arbitrary construction which happens to be convenient for the description of experimental data". 
